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(57) Abstract 

The present invention relates to a process for pzxxlucing a hollow body of fibre-reinforced thermoplastic, and an arrangement for 
performing the process. In the process a continuous fibre bundle (3) is transported from means of transport (2). A section of die continuous 
fibre bundle (3) is heated up and the fibres in the section are impregnated with a thermoplastic. The impregnated fibre section is applied to 
a core-moulding tool (6), capable of controllable rotation about a shaft and located in an oven (5) widi separate temperature control (5a). 
The angle or rotation of the core-moulding tool, together with the axial application position of the fibre section and the rate of feed of the 
fibre section are controlled in order to produce a hollow body with a pre-detcrmined configuration on the core-^ncHilding tool (6). The oven 
temperature is also controlled so that the themaoplastic on the core-moulding tool (6) is viscous during application. Th& tension in the fibre 
section is also controlled so that the fibres remain continuous and essentially extended whilst die process is being carried out. Application 
to the core-moulding tool (6) is terminated when the hollow body has taken on a pre-determined configuration, following which the rate 
of cooling of the hollow body is controlled by means of a separate temperature control for the oven (5a). 
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Process for producing a hollow body of fibre-reinforced thermoplastic and an 
arrangement for carrying out the process 

The present invention relates to a process for producing a hollow body of fibre- 
reinforced thermoplastic, as specified in the pre-characterising clause of claim 1 . 

The invention also relates to an arrangement for producing a hollow body of fibre- 
5 reinforced thermoplastic, as specified in the pre-characterising clause of claim 11. 

Fibre winding is a well-known method for manufacturing composite products from fibre 
material such as carbon fibre, glass fibre etc. In the fibre winding process the fibre 
material is wound around a rotating core so that it forms a tube. The fibre material may 

10 be in the form of a bundle, which is formed from a number of continuous fibres. Before 
or after winding the fibre material is impregnated with a thermosetting plastic, which is 
allowed to cure when the winding is completed. In this way hollow bodies with a fibre 
angle of around 90° are produced, and with the aid of turntables also bodies with fibre 
angles down to 0^. The turntables are also necessary in order that the fibre bundles do 

15 not shift position in the thermosetting plastic, which before curing has a low viscosity. 

In fibre winding according to the known art with thermosetting plastic impregnation, 
ovens are required for curing of the manufactured parts. When using pre-impregnated 
epoxy composite, cold storage rooms are also required for storing these. The chemical 
20 reactions associated with thermosetting plastics also involve environmental and health 
risks that must be counteracted by means of special ventilation installations and special 
routines. 

It is therefore an object of the present invention to provide a process for producing a 
25 hollow body of fibre-reinforced thermoplastic, and an arrangement for producing a 

hollow body of fibre-reinforced thermoplastic, the process and the arrangement helping 
to eliminate or at any rate reduce the above-mentioned problems. 

According to one embodiment of the present invention a process is provided for 
30 producing a hollow body of fibre-reinforced tfaemioplastic as specified by claim 1 . 

According to the present invention an arrangement is provided for producing a hollow 
body of fibre-reinforced thermoplastic as specified by claim II. 
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Preferred embodiments of the process and the arrangement also have any or some of the 
characteristics specified by the respective subordinate claims. 

The process and the arrangement according to the invention have several advantages. 
By means of the process according to the invention, hollow composite bodies can be 
produced which withstand higher temperatures than composites with, for example, 
epoxy as matrix material, and which are lighter than the latter. The use of thermoplastics 
furthermore permits easier and faster manufacture than the use of thermosetting plastics, 
due to the fact that the curing process is eliminated. The products with thermoplastic 
matrix material also have environmental advantages, since they are recyclable. 
Products of composite material with thermoplastic matrix can moreover be reshaped 
after manufacture, which is not possible with products having thermosetting plastic as 
matrix material. Certain thermoplastics moreover exhibit greater impact strength than 
thermosetting plastics and also generally have better corrosion, flame and wear 
resistance. Furthermore certain thermoplastics are geometrically and thermally stable, 
due to the fact that they have a low co-efficient of thermal expansion. Certain 
thermoplastics also have low moisture absorption and pronounced rigidity and damping 
characteristics. This means that thermoplastics can be tailor-made to suit different 
applications. 

The use of thermoplastics permits winding with any fibre angles and geodetic winding, 
whilst non-geodetic winding also is possible, due to the capacity of the thermoplastic 
matrices to adhere to the underlying, which is not possible with the thermosetting 
plastics and means that fibre angles can be selected that are more suited to the strength 
requirements demanded of the finished product. The capacity to adhere therefore also 
means that winding can be done without tumtables if so desired. 

The invention will be explained in more detail below with the aid of examples of 
embodiments of the process and the arrangement and with reference to the drawing 
attached, which is a diagrammatic view of an arrangement according to the invention for 
carrying out the process according to the invention. 

In the figure, 1 generally denotes an arrangement for producing a hollow body of fibre- 
reinforced thermoplastic. The arrangement comprises means 2 for continuously 
transporting a continuous fibre bundle 3 firom a fibre accumulation device 4, for example 
a bobbin or a spool. Examples of suitable fibres include glass, carbon or aramide fibres. 
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An oven 5 with separate temperature control 5a contains a core-moulding tool 6, capable 
of controllable rotation about a shaft, on which the hollow body will be formed. 
The arrangement fiirther comprises means 7, 8, 9 for continuously heating up and 
impregnating a transported section of the fibre bundle 3 with a molten thermoplastic. 
5 The means of heating 7 are designed to heat up the section of the fibre bundle 3 to a 
temperature which is essentially equal to the melting temperature of the thermoplastic. 

The means of impregnation 8, 9 comprise means 8 of producing a thermoplastic melt 
and means 8a of continuously feeding thermoplastic to the thermoplastic melt, for 

10 example in the form of an extruder. There are also means (not shown) of continuously 
passing the heated section of the fibre bundle 3 through the thermoplastic melt, so 
that thermoplastic is made to adhere to this section of the fibre bundle. The means of 
impregnation 8, 9 also comprise means 9 of continuously pressing the adhering molten 
thermoplastic into the fibre bundle 3 in the form of at least one heated breaking roller 

15 9a, preferably a plurality, over which the fibre bundle 3 is designed to pass. The 

arrangement fiirther comprises a means of heating (not shown), which is designed to 
heat up the press device 9 to a temperature essentially equal to the temperature of the 
thermoplastic melt. 

20 The arrangement also has means 10 of continuously applying the heated and 

impregnated section of the fibre bundle 3 to the core-moulding tool in the forai of an 
essentially toroidal winding nozzle 10, provided with at least one heating element (not 
shown) with separate temperature control 10a. Due to the design of the winding nozzle 
no separate compacting tool is required. The toroidal shape also means that the fibre 

25 bundle 3 can be made to leave the winding nozzle 10 at any angle. The winding nozzle 
10 can be heated up by the heating element so that the thermoplastic is prevented from 
solidifying in the nozzle and clogging the latter. 

For applying the heated and impregnated section of the fibre bundle 3 to the core- 
30 moulding tool 6 there are means of continuously controlling the angle of rotation 6a and 
the application position 10b of the winding nozzle, together with means (not shown) of 
continuously controlling the rate of feed of the fibre bundle and the tension of the fibre 
section. 

35 The arrangement comprises separate temperature control elements for controlling not 
only the oven temperature 5a and the winding nozzle temperature 10a, but also the 
temperature of the thermoplastic melt 8b and the means of heating 7 for the section of 
the fibre bundle and the means of heating the press device, so that suitable temperatures 
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can be obtained in the various parts of the arrangement, depending on what type of 
thermoplastic and what type of fibres are used and the geometry of the body being 
manufactured. The arrangement further comprises a separate temperature control 
element 6b for controlling the temperature of the core-moulding tool 6, so that it can be 
5 made, for example, to assume a temperature lower than the oven temperature. 

The oven 5 also comprises means 5b for optionally feeding a protective gas, preferably, 
nitrogen, to the inside of the oven in ord^ to prevent oxidation of the thermoplastic on 
the moulding tool. 

10 

In carrying out the process according to the invention for producing a hollow body of 
fibre-reinforced thermoplastic, a continuous fibre bimdle 3, for example glass fibres, 
carbon fibres or aramide fibres, is transported fi-om a fibre accumulation device 4. 
A section of the continuous fibre bundle 3 is heated up and the fibres in the section are 

15 impregnated with a thermoplastic. For impregnation, the heated section of the fibre 
bundle is led through a thermoplastic melt 8, to which additional thermoplastic is 
continuously fed. Molten thermoplastic is thereby made to adhere to this section of fibre. 
The fibre bundle has previously been heated to essentially the same temperature as the 
thermoplastic melt, in order to permit good adhesion of molten thermoplastic. 

20 The section of fibre is then made to pass through at least one heated press device 9 
where it is made to run over at least one breaking roller 9a whilst the fibre tension 
is controlled so that the fibre bundle 3 spreads out on the roller 9a, the molten 
thermoplastic being pressed into the fibre bundle 3. The press device 9 is also heated to 
essentially the same temperature as the thermoplastic melt 8 so that the thermoplastic 

25 will have as low a viscosity as possible on impregnation and will therefore penetrate the 
fibre bundle 3 more easily. 

The impregnated fibre section is applied to a controllable, rotatable core-moulding tool 6 
located in a heated oven 5. The angle of rotation of the core-moulding tool together with 

30 the axial ^plication position of tiie fibre section and the rate of feed of the fibre section 
are controlled in order to produce a hollow body with a pre-detennined configuration. 
The oven temperature is controlled so that the thermoplastic on the core-moulding tool 6 
is viscous during the application. The temperature of the core-moulding tool is 
controlled so that the thermoplastic on the core-moulding tool 6 begins to solidify 

35 closest thereto. The tension in the fibre section is controlled so that the fibres remain 
continuous and essentially extended whilst fhc process is being carried out. 
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When being applied to the core-moulding tool 6, the fibre bundle 3 is made to pass 
through an essentially toroidal winding nozzle 10, heated and with a separate 
temperature control 10a, and pressed against the core-moulding tool, by means of which 
the material applied to the core-moulding tool 6 is somewhat compacted. 

Application to the core-moulding tool 6 is terminated when the hollow body has taken 
on a pre-determined configuration, following which the rate of cooling of the hollow 
body is controlled by means of a separate temperature control 5a for the oven. In order to 
protect the plastic against oxidation a protective gas, preferably nitrogen, is fed to the 
inside of the oven whilst the process is being carried out. 

It will be obvious to a person skilled in the art that the invention is not confined to the 
embodiments described above, but rather lends itself to modifications within the 
framework of the idea of the invention defined in the following claims. For example, the 
arrangement according to the invention may be used in order to apply pre-impregnated 
fibres to the core-moulding tool in order to produce a body of fibre-reinforced 
thermoplastic. 
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Claims 



5 

10 

2. 

15 

3. 

20 

25 4. 
30 



Process for producing a hollow body of fibre-reinforced thermoplastic, 
characterised in that it consists in: transporting of a continuous fibre bundle (3): 
pre-treatment of a section of the continuous fibre bundle (3) so that this section has 
an impregnation of molten thermoplastic; application of the impregnated fibre 
section to a core-moulding tool (6), capable of controllable rotation about a shaft 
and located in a heated oven (5); control of the angle of rotation of the core- 
moulding tool together with the axial application position of the fibre section and 
the rate of feed of the fibre section in order to produce a hollow body with a pre- 
detennined configuration; control of the oven temperature so that the thermoplastic 
on the core-moulding tool (6) is viscous during the application; control of the 
tension in the fibre section so that the fibres remain continuous and essentially 
extended whilst the process is being carried out. 

Process according to claim 1, characterised in that the pre-treatment consists in 
heating up a section of the continuous fibre bundle (3) and impregnation of the 
fibres in the section with a thermoplastic. 

Process according to claim 2, characterised in that for impregnation the heated 
section of the fibre bimdle (3) is led through a thermoplastic melt (8), to which 
additional thermoplastic (8a) is continuously fed, as a result of which molten 
thermoplastic is made to adhere to the said section, following which it is made to 
pass through at least one heated press device (9), as a result of which molten 
thermoplastic is pressed into the fibre bundle. 

Process according to claim 3, characterised in that the section of the fibre bundle 
(3) with adhering thermoplastic is made in the press device (9) to run over at least 
one breaking roller (9a) whilst the fibre tension is controlled so that the fibre 
bundle (3) spreads out on the roller (9a), the plastic being pressed into the fibre 
bundle (3). 



Process according to either of claims 3 or 4, characterised in that the fibre bundle 
(3) and the press device (9) are heated up to essentially the same temperature as the 
thermoplastic melt (8). 
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Process according to claim 1, characterised in that the continuous fibre bundle 
(3) is pre-impregnated with thermoplastic and that the pre-treatment consists in 
heating a section of the continuous pre-impregnated fibre bundle (3) to a 
temperature essentially equal to the melting temperature of the thermoplastic. 

Process according to any of the preceding claims, characterised in that in 
applying the fibre bimdle (3) to the core-moulding tool (6) it is made to pass 
through an essentially toroidal winding nozzle (10), heated and with separate 
temperature control, pressed against the core-moulding tool. 

Process according to any of the preceding claims, characterised in that the 

temperature of the core-moulding tool at the time of application is controlled by 
means of a separate temperature control (6b). 

Process according to any of the preceding claims, characterised in that 
application to the core-moulding tool (6) is terminated when the hollow body has 
taken on a pre-determined configuration, following which the rate of cooling of 
the hollow body is controlled by means of a separate temperature control (5a) for 
the oven (5). 

Process according to any of the preceding claims, characterised in that a 
protective gas, preferably nitrogen, is fed to the inside of the oven. 

Arrangement for producing a hollow body of fibre-reinforced thermoplastic, 
characterised in that it comprises: means (2) for continuously transporting a 
continuous fibre bundle (3); an oven (5) with separate temperature control (5a); a 
core-moulding tool (6) capable of controllable rotation about a shaft; means of 
continuously pre-treating a transported section of the fibre bundle (3) so that this 
section has an impregnation of molten themioplastic; means of continuously 
applying that section of the fibre bundle (3) impregnated with molten 
thermoplastic to the core-moulding tool (6); means of continuously controlling the 
angle of rotation of the core-moulding tool and the application position of the 
means of ^plication, the rate of feed of the fibre bundle and the tension of the 
fibre section, and the oven temperature when applying the section of the fibre 
bundle impregnated with molten thermoplastic to the core-moulding tool (6). 
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12. Arrangement according to claim 11, characterised in that the means of pre- 
treatment comprise means of heating up and impregnating a transported section of 
the fibre bundle with a molten thermoplastic. 

13. Arrangement according to claim 12, characterised in that the means of 
impregnation comprise: means (8) of producing a thermoplastic melt; means (8a) 
of continuously feeding thermoplastic to the thermoplastic melt; means of 
continuously passing the heated section of the fibre bundle (3) through the 
thermoplastic melt so that thermoplastic is made to adhere to this section, and 
means (9) of continuously pressing the adhering molten thermoplastic into the 
fibre b\mdle (3). 

14. Arrangement according to claim 13, characterised in that the means (9) of 
pressing thermoplastic into the fibre bundle (3) comprise at least one heated 
breaking roller (9a), over which the fibre bundle (3) is designed to pass. 

15. Arrangement according to either of claims 13 or 14, characterised in that it 
comprises means of heating which are designed to heat up the section of the fibre 
bimdle and the press device to a temperature essentially equal to the temperature of 
the melting temperature of the thermoplastic. 

16. Arrangement according to claim 1 1, characterised in that the means of pre- 
treatment comprise means (7) of heating up a section of a fibre bundle pre- 
impregnated with thermoplastic to a temperature essentially equal to the melting 
temperature of the theraioplastic. 

17. Arrangement according to any of claims 1 1 to 16, characterised in that an 
essentially toroidal winding nozzle (10), provided with at least one heating 
element with separate tCTiperature control (10a), is arranged as means of 
continuously applying the heated and impregnated section of the fibre bundle to 
the core-moulding tool. 

18. Arrangement according to any of claims 1 1 to 17, characterised in that it 
comprises separate temperature control elements (5a, 10a, 8b, 7a, 9b) for 
controlling both the oven and winding nozzle temperature and the temperature of 
the thermoplastic melt and the heated section of the fibre bundle and the press 
device. 
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19. Arrangement according to any of claims 1 1 to 18, characterised in that it 
comprises means of bringing the core-moulding tool (6) to a desired temperature 
together with a separate temperature control element (6b) for controlling the 
temperature of the core-moulding tool. 

20. Arrangement according to any of claims 1 1 to 19, characterised in that the oven 
(5) comprises means (5b) of feeding a protective gas, preferably nitrogen, to the 
inside of the oven. 
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